AIm: There are two major problems for the pituitary adenomas invading the Cavernous Sinus (CS); differentiation of extension and invasion and inability to demonstrate the medial wall via preoperative imaging methods. Two important corridors are defined in endoscopic cavernous sinus approaches; the lateral and medial corridor. mAterIAl and methOds: A retrospective analysis was performed in 400 endoscopic transphenoidal approaches and 360 pituitary adenomas underwent endoscopic transphenoidal surgery in our department between September 1997 and December 2010. 48 patients affected by the tumours involving the cavernous sinus were included in this study.
InTRoduCTIon
Pituitary adenomas usually compress surrounding structures, commonly resulting in sella enlargement and suprasellar extension. Extended microscopic and endoscopic approaches for the cavernous sinus (CS) invasion have been reported in the literature (4, 5, 6, 11, 12, 17, 21, 22) .
Surgical approaches to the cavernous sinus, whether transcranial or inferomedial are still challenges. In recent studies, increases in the rate of pituitary adenomas invading the CS (15-20%) are reported (18, 20) .
Contrary to detailed anatomic studies of the cavernous sinus shown by endoscopic approaches, endoscopic clinical studies demonstrating cavernous sinus invasion are limited (1, 2, 3, 4, 7, 13, 19, 20, 21, 22, 23) .
Numerous studies have dealt with the predictive value of preoperative neuroimaging of cavernous sinus invasion (10, 24, 31) . However, all these studies are based on the relation among pituitary adenoma with CS, ICA and venous sinuses demonstrated by preoperative MRI studies.
Recent neuroimaging techniques cannot demonstrate the medial wall of the CS and these classifications also cannot define inferomedial cavernous sinus invasion. Among these widely used classifications due to confirmation of surgical findings with a conventional microscope, invasion is not seen in especially grade 2 lesions and some grade 3 lesions by the endoscopic technique. The most efficient technique for visualization of the cavernous sinus medial wall is the endoscopic technique.
The endoscopic approach also has an important role in surgically defining and differentiating displacement or invasion of the cavernous sinus by pituitary adenoma. The endoscopic technique is a more favourable method than the microscopic technique in defining cavernous sinus invasion.
The aim of this study was to define cavernous sinus invasion criteria and endoscopic classification of cavernous sinus invasion pathways of the adenomas.
This classification was based on two important corridors, the medial and lateral corridors that have been defined in anatomic and clinic studies (3).
MATERIAL and METHodS
A retrospective analysis was performed on 400 endoscopic transphenoidal approaches and 360 pituitary adenomas that underwent endoscopic transphenoidal surgery in our department between September 1997 and December 2010. 48 patients, 23 female (48 %) and 25 male (52%), affected by the tumours involving the cavernous sinus and treated for the last 9 years were included in this study. Ages ranged from 11 to 70 (mean 42.48) years. Follow-up was between 1 month and 78 months (mean 34.37 months) (Table I) .
Pituitary adenomas were histologically and immunohistochemically investigated. They were classified as functioning (GH (n: 22), PRL (n: 7) and ACTH (n: 6) secreting adenomas) or non-functioning adenomas (n: 13) in relation to the clinical activity.
Preoperative MRI findings were assessed according to Knosp classification.
The extent of resection was evaluated based on MR Images obtained in the immediate postoperative period and again 3 months afterwards. The extent of resection was determined as the radical, subtotal (the clear presence of residual tumour but with resection of > 80% of the tumour), or partial (the clear presence of residual tumour but with resection of < 80% of the tumour). Tumour pathologic type was confirmed by the Department of Pathology.
Surgical Approach
We performed previously defined cavernous sinus approaches in our first 14 cases including the paraseptal approach, middle turbinectomy and contralateral middle turbinectomy (3, 21, 22) .
Recently defined extended approaches were performed in 2 patients and combined approaches for 32 patients. In combined approaches, the surgeries were performed via a binostril approach with enlarged anterior sphenoidotomy allowing wide exposure and easier surgical maneuver. After medial pterygoid process resection, wide sellar floor opening expanding more laterally to the cavernous sinus was performed. In this part of the approach, a Kerrison rongeur was used to widen the sellar floor through the cavernous sinus and following the dissection of this part of the dura, surgical micro-scissors were used rather than a surgical blade to enlarge the dura. This avoids redundant carotid artery injury ( Figure 1A ,B). After removal of the sellar component of the tumor, the invasive part of the lesion was resected according to whether the medial or lateral corridor or both corridors were involved.
Intraoperative Cavernous Sinus Involvement Classification
We performed an intraoperative evaluation of cavernous sinus invasion considering;
1. Visualization of the medial wall defect ( 4. Carotid artery segments were confirmed by micro doppler and CS invasion was evaluated during the tumor removal in cases of inability to view the carotid segments of CS endoscopically due to CS hemorrhage ( Figure 5A -C).
After identifying cavernous sinus invasion, cavernous sinus involvement is classified into three types according to the medial and lateral corridor extension of the tumor. 
RESuLTS
Considering this classification, there were 25 isolated medial corridor involvement (Type I), 5 isolated lateral corridor involvement (Type II) and 18 total involvement (Type III) cases.
Among 48 patients with CS invasion, 43 patients were grade 3-4 according to the Knosp classification. Minor tumour extension was observed in 2 patients with grade 3. Gr 2 was not defined in any patient. 5 patients, who could not be evaluated according to Knosp classification, were defined as isolated lateral corridor.
During the intraoperative assessment, group 2 ,which is defined as visualization of at least one of the ICA segments, was the most commonly seen criteria with 29 patients, and group 3, which is defined as visualization of minor tumour extension through small focal pit holes of the medial wall, was the least common with 3 patients according to cavernous sinus invasion criteria.
25 patients with type 1, isolated medial corridor, 5 patients with type 2, isolated lateral corridor and 18 patients with type 3, total lesions were evaluated according to the involvement of the corridors.
dISCuSSIon
There are two major problems with pituitary adenomas invading CS. The first is to define extension and invasion. In this study, cavernous sinus invasion criteria were defined endoscopically. Invasion is identified and extension is distinguished according to these criteria. Invasion of the cavernous sinus on one side and extension to the cavernous sinus on the other side were clearly demonstrated by the endoscopic approach in the same case in one of our patients ( Figure 7A-C) .
The second problem is the difficulty in demonstrating medial wall via preoperative imaging modalities. There is no neuroimaging method that can show the medial wall precisely. In the literature, different results of the anatomic studies have been published about the structure of the CS medial wall. Studies on the structure of the medial wall were reported as one layer by some authors, as two layers in another or thin, loose and histological defects by the other (8, 9, 14, 15, 26, 28, 30) . Thus, some authors reported that tumour histology is responsible for CS invasion while some authors insist on histological defects of the medial wall (15, 16, 25, 27, 29) .
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In our previously reported study, we encountered invasion through fragile points of the medial wall only in one case with non-functional adenoma (7).
We observed that medial wall kept its integrity in cases without cavernous sinus involvement. Furthermore in one case the cavernous components of pituitary adenoma were removed from the thick fibrous membrane and fibrin trabeculation of the medial wall in CS as Songtao et al (26) defined ( Figure 8A-C) .
Two important corridors are defined in endoscopic cavernous sinus approaches (3). The ICA medial corridor is formed by the C-shaped segment of the intracavernous sinus -carotid artery and is bordered posteriorly by the dorsum sella and posterior petroclinoid fold. The lateral corridor to the ICA (triangular area) is delineated by the intracavernous track of the internal carotid posteriorly, by the vidian nerve inferiorly and by the medial pterygoid process anteriorly (3).
We have demonstrated these corridors via the endoscopic approach in our previously published clinical series (7). Pituitary adenomas create an entry through these corridors, and we have used the same pathway as surgical corridors ( Figure 9A-D) .
Cavernous sinus invasion of pituitary adenomas most often progresses through the medial corridor as reported in clinical series (7, 19, 20, 23 ).
In recently published anatomic studies, it is reported that the superior part of the medial wall was thinner while the inferior part thicker (25, 26) . This confirms why pituitary adenomas are usually located at the medial corridor and demonstrate CS invasion through the superior part. Thus, this part is named 'the natural gate' in CS surgery (26).
In our series, although isolated medial corridor involvement was seen in 25 cases, isolated lateral corridor involvement was encountered in 5 cases. Total involvement was present in 18 cases. Less frequently seen isolated lateral corridor involvement is not defined fully in the Knosp classification. Cottier et al (10) defined the carotid sulcus venous compartment and inferolateral venous compartment, which form only a part of the isolated lateral corridor emphasized in our classification. Alfieri et al (1) demonstrated the cavernous sinus subdividing into two portions through the endoscopic approach as paraclival ICA and parasellar ICA in their anatomic study. They exposed the paraclival ICA into two parts; the lacerum segment and trigeminal segment.The lateral corridor defined in our classification is formed by the carotid sulcus venous and inferolateral venous compartments described by Cottier et al (10) , and the trigeminal segment demonstrated by Alfier et al (1) in their anatomic study.
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nostril, which was the one with the larger cavity in FEPS and homolateral to the involved cavernous sinus in EPSea (19, 20) .
We performed a binostril approach for the last 34 cases in this series, without the need of a far lateral approach and providing more maneuverability.
In this study, the most significant hemorrhage was encountered in cases with an isolated lateral corridor. In three of five cases, profuse hemorrhage was seen during the inferolateral extension of the sellar opening. CS hemorrhage was mostly seen in this group of series. Venous sinuses are compressed and obliterated by the lesion in total involvement cases. A venous bleed can start after lesion removal when the sinuses are decompressed. In isolated lateral corridor involvement, the sinuses are not totally compressed. Therefore, profuse bleeding can be encountered in the beginning. We analyzed our cases according to the Knosp classification using the endoscopic technique. Cavernous sinus invasion was not seen especially in grade 2 cases ( Figure 10A -C) and in three cases with grade 3 lesions; invasion developed through the pit holes ( Figure 4A -C).
Frank et al published the only classification study on CS invasion via the endoscope (19, 20) . This classification contains 5 grades. Grade 2 and over are accepted as CS invasion as follows: Grade 2 is focal extension through one or more little pit holes. Grade 3 is multifocal invasion without encasement of ICA. Grade 4 is total encasement of the ICA.
Frank et al (19) used two different surgical approaches for pituitary adenomas involving the cavernous sinus including the classic functional endoscopic pituitary surgery (FEPS) or the ethmoid-pterygoidsphenoidal endoscopic approach (EPSea). The operations were usually performed through one 
